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Abstract 20 

Biomass of algae is a very potent adsorbent for absorbing liquid waste containing 21 

heavy metals and organic dyes. This study purposes to confirm the ability of adsorbents 22 

from green algae Nannochloropsis sp. modified with silica (ASN) and followed by 23 

coating magnetite particles (ASN-MPs) to absorb simultaneously the mixture of 24 

methylene blue (ME) and Cu(II) cations in aqueous solution.  Simultaneous sorption 25 

of ME and Cu(II) cations to ASN and ASN-MPs was carried out by the Batch method 26 

with the interaction pH condition 7, contact time 90 minutes, and initial concentrations 27 

of ME and Cu(II) cations (0.1 - 1.0 mmol L-1).  Based on adsorption data, Cu(II) 28 

cations have a greater adsorption rate and capacity (qm) compared to ME at the same 29 

contact time and initial concentration. The adsorption capacity (qm) values of the bi-30 

component ME and Cu(II) cation mixture in ASN and ASN-MPs were 1.385 x 10-1 and 31 

5,319 x 10-1 mmolequiv g-1, respectively, with the binary Langmuir adsorption isotherm 32 

constant for Cu(II) cations greater than ME. Modified adsorbent from algae 33 

Nannochloropsis sp. with silica matrix and magnetite particle coating, is an adsorbent 34 

that has a high effectiveness in the collective sorption of ME and Cu(II) cations.  35 

Therefore, these adsorbents can be used for the adsorption of cation mixtures of heavy 36 
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metals and organic dyes that are cationic in solution. 37 

Keywords: Nannochloropsis sp; algae-silica-magnetite hybrid; adsorption; methylene 38 

blue, heavy metal, Cu(II) cation. 39 

1. Introduction  40 

 Organic dyes and heavy metals are sources of pollutants that are often found 41 

in the environment, especially in waters.  Heavy metals and dyes are produced from 42 

by-products or various industrial wastes such as textiles and petrochemicals.  Heavy 43 

metals such as Cu exposed to the environment can come from electroplating plants, 44 

mining, industrial, and municipal wastes [1] while organic dyes such as methylene blue 45 

(ME) are applied considerably as agents of dyes in varied industry such as the 46 

pharmaceutical, leather, paper and textile industries [2].  Because of this, the presence 47 

of these toxic chemicals needs to be reduced from the environment so that they do not 48 

have a negative impact on human health and the surrounding environment. 49 

At present, several methods have been developed to reduce pollution from liquid 50 

waste in the form of physicochemical technology including ion exchange, coagulation, 51 

flocculation, chemical oxidation, electrochemical techniques, membrane separation, 52 

adsorption, and photocatalysis which have been applied for the purpose of removing 53 



4 

 

dyes and metal ions from waste water [3-9].  From some of these technologies, the 54 

adsorption method is more often used for the treatment of liquid waste containing heavy 55 

metals or hazardous dyes. This is done with the consideration that the process of 56 

adsorption method is really easy, the cost applied is not expensive, and it is safe for the 57 

environment [10]. Sorption processes typically use adsorbents derived from the 58 

synthesis or modified natural material.    59 

Currently, various adsorbents have been developed from natural materials for waste 60 

treatment before being discharged into the environment, such as algal biomass. 61 

Biomass from algae is originally a very potent adsorbent to absorb pollutants of 62 

inorganic materials like heavy metals [11-13] and organic materials originated from 63 

toxic dye agents [14,15].  Algal biomass has a great potential to bind dyes, especially 64 

organic dyes in the form of cations as well as metal ions.  Several studies have shown 65 

that live algae and its biomass may absorb organic cations and metal ions [16,17].  66 

Adsorption of metal ions and dyes on algal biomass occurs through reaction 67 

mechanisms involving the contribution of active groups of proteins, polysaccharides, 68 

and functional groups like hydroxyl, amino, sulfate ions, carboxyl, etc. [18, 19]. 69 

However, the ability of algae to bind these chemical compounds is very limited by 70 
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several constraints such as small size, low density and easily damaged due to 71 

degradation by other microorganisms [20].  In addition, algae cannot be used directly 72 

in the adsorption column, because it is very soft and is not granular [9].  To increase 73 

the capacity and rate of algal adsorption on adsorbents absorbed as well as physical and 74 

chemical stability, various attempts were made including modifying algal biomass 75 

using various supporting matrix in the form of inorganic and organic materials [2,18].  76 

Materials produced from inorganic-organic hybrids, such as algal-silica hybrids, are 77 

very promising substances for poisonous dye and heavy metal ion adsorbents [21-24]. 78 

The physical and chemical quality of adsorbents derived from algae were able to be 79 

performed by employing the sol-gel process in making adsorbents with silica support 80 

matrices, because these processes produce homogeneous adsorbents [25-28]. In 81 

addition, a rising in the sorption rate of the adsorbate was able to be carried out using 82 

magnetite particle coating techniques [29-31]. The adsorbent coating technique by 83 

particles of magnetite is safe for environment, since it does not produce side products 84 

that conceive contamination like suspended solids, besides that it also accelerates the 85 

process of isolating the adsorbate from the solution caused by the magnetic properties 86 

of the adsorbent [32-34]. By using the adsorbent coating technique using magnetite 87 



6 

 

particles, we will get an adsorbent with a big adsorption rate and capacity to the 88 

adsorbate, so that the adsorption process becomes more efficient.   89 

In a waste treatment system, multicomponent mixtures are often found, namely the 90 

presence of various types of chemical compounds both inorganic and organic 91 

compounds, therefore it is necessary to develop an adsorbent that is not only effective 92 

at absorbing heavy metals, but also effective against other compounds such as dyes 93 

contained in the mixture from ME.  Therefore, the purpose of this work is to learn the 94 

competition for sorption of a mixture of ME and Cu(II) cations in solution on modified 95 

Nannochloropsis sp. (algae-silica-magnetite). The adsorbents used in this study have 96 

complex chemical and biological compositions, so it is very interesting to study from a 97 

theoretical and experimental point of view in their application as a material for 98 

absorbing dyes and metal ions in solution.  Biomass from Nannochloropsis sp. algae 99 

has been modified with silica followed by coating with magnetite (Fe3O4) particles 100 

utilized as an effective and cheaper adsorbent to separate ME and Cu(II) cations 101 

simultaneously from the solution. The adsorption competition between ME and Cu(II) 102 

cations in ASN-MPs adsorbents was studied with a series of batch experiments 103 

including: variations in contact time, initial concentration, sequential desorption, and 104 
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re-use of adsorbent tests. Simultaneous adsorption kinetics and isotherm parameters as 105 

well as their mechanism are confirmed to predict the sorption properties of ME and 106 

Cu(II) cations by ASN-MPs. 107 

2. Materials and methods 108 

2.1. Materials 109 

The used materials in this work include Nannochloropsis sp. algae originating 110 

from Balai Besar Budidaya Laut Lampung (the Lampung Sea Cultivation Bureau), 111 

Republic of Indonesia. The used chemicals were obtained from European 112 

Pharmacopoeia consisting of: tetraethyl orthosilicate (TEOS), FeSO4·4H2O, 113 

FeCl3·6H2O, HCl, NaOH, ethanol, methylene blue (ME), CuSO4·5H2O, and Na2EDTA. 114 

Magnetite particles were synthesized according to the procedure by Buhani et al [11]. 115 

Stocks of ME dye and CuSO4·5H2O solutions were each prepared with a concentration 116 

of 1000 mmol L-1 which was used as standard solution and adsorbate. All the 117 

experiments in this study used double distilled water.   118 

2.2. Preparation of adsorbent and materials: Nannochloropsis sp., ASN, and ASN-MPs  119 

Nannochloropsis sp. algae were neutralized (up to neutral pH) by rinsing with 120 

water, then dried for 3 days with air dry. The algae biomass was then placed at 40 oC 121 
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for 2-3 hours then crushed using a 100 mesh grinder.  The Nannochloropsis sp. algae 122 

biomass was used to make ASN-MPs adsorbents in the following way: a total of 5.0 123 

mL of TEOS and 2.5 mL of deionized water was mixed into a plastic bottle, then gained 124 

0.1 g magnetite. The mixture was stirred for 30 minutes using a magnetic stirrer.  125 

When stirring, the pH of the solution was made to be pH of 2 with the addition of 1 M 126 

HCl by dropwise. In another bottle, Nannochloropsis sp. biomass (0.4 g) and ethanol 127 

(5 mL) were mixed by a magnetic stirrer for 30 minutes. Then, the two solutions were 128 

mixed while stirring until the mixture turns into a gel.  The formed gel was filtered 129 

with filter paper and allowed for 24 hours. The gel was afterward rinsed using deionized 130 

water and ethanol with a ratio of 60/40 to pH≈7. Furthermore, the gel was placed in the 131 

oven to be dried at 40 oC for 2-3 hours and crushed using a grinder until smooth with a 132 

size of 100 mesh. 133 

2.3. Characterization of ASN and ASN-MPs adsorbent 134 

The ASN adsorbents and ASN-MPs were investigated by Fourier-transform 135 

infrared spectroscopy (FTIR) to recognize specific functional groups contained 136 

(Shimadzu Prestige-21 IR, Japan). The adsorbent crystallinity level was analyzed by 137 

XRD (Shimadzu 6000, Japan). The distribution of particle size from material was also 138 
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investigated by the particle size analyzer (Fritsch Analysette 22). Surface 139 

morphological analysis and element constituents were performed using Scanning 140 

Electron Microscopy with Energy Dispersive X-Ray (SEM-EDX) (Zeiss MA10, 141 

Germany. 142 

 2.4. Adsorption experiments 143 

The experimental procedure to study the adsorption competition ME and Cu(II) 144 

cations was carried out under the following adsorption conditions: a dose of 0.1 g 145 

adsorbent was used in a batch system controlled by a shaker (Stuart reciprocating 146 

shaker SSL2), the sorption process was held at 27 ºC, interaction pH was 7, and an 147 

adsorbate volume was 50 mL.  The adsorption kinetics of ME and Cu(II) cations in 148 

the mixture were studied with varying contact times between 15-120 minutes. The 149 

adsorption rate was determined based on the pseudo first order kinetics (Eq. (4)) and 150 

the pseudo second order kinetics (Eq. (5)) and the intra-particle diffusion pattern (IPD) 151 

was analyzed using (Eq. (6)). For the simultaneous adsorption experiment, each 152 

solution of ME and Cu(II) cation at the similar concentration (between 0.1 - 1.0 mmol 153 

L-1) was mixed with the optimum contact time.  The simultaneous adsorption isotherm 154 

pattern of ME and Cu(II) cation was determined using the Langmuir adsorption 155 
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isotherm equation (Eq. (7)), Freundlich (Eq. (8)), and the Langmuir isotherm equation 156 

for a binary mixture (Eq. (9)).  The adsorption experiment was carried out in 3 times 157 

of parallel repetitions.  UV-Vis spectrophotometer (Agilent Cary 100, U.S.A) was 158 

performed to analyze the concentrations of ME adsorbed on the adsorbent at a 159 

maximum wavelength of 664 nm. The concentrations of Cu(II) cations adsorbed by the 160 

adsorbent were tested with atomic absorption spectrophotometer (AAS) (Perkins Elmer 161 

3110, U.S.A). 162 

The Equations (Eqs. (1), (2), and (3)) were used to determine an amount of 163 

adsorbed ME or Cu(II) cations per unit mass of adsorbent and the percentage of 164 

adsorbed ME or Cu(II) cations. 165 
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Concentrations (mmol L-1) of ME or Cu(II) cation solution at initial state, equilibrium, 169 

and certain time of t were expressed as Co, Ce, and Ct, respectively. The mass of 170 

adsorbent (g), the volume of the solution (L), the amount of ME or Cu(II) cations 171 

adsorbed per unit mass (mmol g-1), and the percentage of the ME or Cu(II) cation 172 
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adsorption are expressed by m, V, q, and R, respectively.  173 

2.4. Sequential desorption  174 

To find out the type of interaction between ASN-MPs adsorbents with ME or 175 

Cu(II) cations , a sequential desorption experiment was conducted as follows: 0.1 g of 176 

ASN-MPs adsorbents were added to each ME or Cu(II) cation at conditions (pH = 7, T 177 

= 27 °C, t = 90 minutes, volume = 50 mL, and adsorbate concentration 0.1 mmol L-1). 178 

Adsorbates adsorbed on the AS-MPs adsorbent were sequentially released using 179 

several eluents such as aquades, HCl (0.1 M), and Na2EDTA (0.1 M). 180 

2.5. Reusability of adsorbent 181 

 The ability to reuse adsorbents was studied by performing the adsorption 182 

process singly at the optimum condition (adsorbent dosage = 0.1 g, pH = 7, T = 27 °C, 183 

t = 90 minutes, volume = 50 mL, and adsorbate concentration 0.1 mmol L-1). The 184 

adsorbate adsorbed was eluted by an eluent of 0.1 M HCl (50 mL). Then, the distilled 185 

water was used to rinse the adsorbent to reach neutral pH. The adsorption-desoption 186 

process was repeated several times, up to % adsorption from ME or Cu(II) cations < 187 

80%. 188 

 189 
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3. Results and discussion 190 

3.1. Characterization of ASN and ASN-MPs adsorbent 191 

To find out the success of the modification process of Nannochloropsis sp. algae 192 

using silica matrix and magnetite particle coating, identification of the adsorbent 193 

functional groups was carried out using FTIR. In ASN adsorbents (Fig. 1b) and ASN-194 

MPs (Fig.1c), there is a relatively similar IR absorption with the appearance of 195 

absorption bands at wave numbers around 794.8-784.3 cm-1 originating from Si-O-Si 196 

and 482.9-432.9 cm-1 of the Si-O stretching vibrations (siloxan groups) derived from 197 

silica as a matrix.  The contribution of Nannochloropsis sp. algae to ASN and ASN-198 

MPs is indicated by the appearance of absorption bands in the region of wave number 199 

2931.80 cm-1 originating from C-H stretching vibration absorption from (-CH2) 200 

aliphatic as shown in Fig. 1a. In addition, absorption bands were seen in wave numbers 201 

3448.72-3442.72 cm-1 originating from hydroxyl groups (-OH) and 1658.78-1651.07 202 

cm-1 (carbonyl groups). This shows that there has been a hybridization between 203 

Nannochloropsis sp. and silica matrix.  The presence of magnetite particles in ASN and 204 

ASN-MPs could not be observed through FTIR spectrum. In addition, the absence of 205 

absorption in the area of wave number 964.41 cm-1 indicating the stretching vibration 206 
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of silanol (Si-OH) on the ASN-MPs adsorbent (Fig. 1c) as shown in the ASN spectrum 207 

(Fig. 1b) indicates that there has been an interaction between the silanol groups and the 208 

magnetite particles. The presence of magnetite particles in ASN-MPs is strengthened 209 

from the results of the EDX spectrum [11]. 210 

Fig. 2 displays the morphology of ASN (Fig. 2a) showing an agglomeration 211 

originating from the amorphous silica matrix and Nannochloropsis sp., this is supported 212 

by elemental constituent data from the analysis of EDX on ASN (Fig. 2c) consisting of 213 

Si, O, C, and N. The ASN-MPs adsorbent (Fig. 2b) shows a more contrasting 214 

morphology and the presence of granules with smaller size and in the form of 215 

agglomerate. This is supported by elemental constituent data obtained in EDX spectra 216 

(Fig. 2d) showing the existence of Fe elements of magnetite particles, in addition to 217 

other elements (Si, O, C, and N) as found in ASN. 218 

The presence of magnetite particles in the modified Nannochloropsis sp. algae 219 

can be observed by comparing the XRD pattern between ASN and ASN-MPs (Fig. 3). 220 

The presence of magnetite particles (Fe3O4) in ASN-MPs can be seen from the results 221 

of the analysis with XRD (Fig. 3b). The XRD diffraction pattern in ASN-MPs has the 222 

most intense appearance at 2θ = 35.60° which corresponds to the diffraction pattern of 223 
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Fe3O4 particles [39] which does not appear in ASN (Fig. 3a). The XRD diffraction 224 

pattern in ASN-MPs has a broad 2θ and lower intensity compared to Fe3O4, due to the 225 

presence of amorphous silica matrix [35-37] and Nannochloropsis sp. which cause a 226 

decrease in the level of material crystallization. 227 

Addition of magnetite particles to ASN (Fig. 4b) results in a decrease in mean 228 

and median of particle size in ASN-MPs (Fig. 4c). The mean and median of particles 229 

sizes in ASN are 1.55 and 1.65 μm and in ASN-MPs are 1.40 and 1.53 μm, respectively. 230 

This shows the decrease in particle size after coating with Fe3O4 particles.  In Fig. 4, 231 

it can be observed that there is a decrease in volume (%) for large particle size diameters 232 

from 12.92 in ASN to 11.70% in AS-MPs and an increase in volume (%) in small 233 

particle size from 3.50 in ASN to 4.73% in AS-MPs. These data are in line with the 234 

results of observations on the surface morphology of adsorbents with SEM, as 235 

previously discussed, that the presence of Fe3O4 particles in ASN-MPs produces 236 

material with a relatively smaller particle size [9]. 237 

       The adsorbent surface charge plays a significant part in determining the 238 

optimal interaction between adsorbent and adsorbate, therefore the surface charge of 239 

the adsorbent needs to be known in studying the sorption process. The surface charge 240 
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is determined by the zero point of charge (pHPZC) which is specified as the point when 241 

the zeta potential value has value of zero. The positive surface charge is indicated by 242 

pH < pHPZC, whereas the negative surface is shown by pH > pHPZC [38].  In current 243 

study, the pHPZC of ASN and ASN-MPs is around 7.3 and 7.4 respectively observed by 244 

the method of solid addition (Fig. 5). Based on the pHPZc values of the two adsorbents, 245 

while the interaction pH in the collective adsorption process from ME and Cu(II) cation 246 

solution was conditioned at pH 7.0. This is with consideration, when the pH of the 247 

solution is below pHPZC, the adsorbent will be positively charged while the ME solution 248 

and Cu(II) cations under these conditions will also be positively charged, so there will 249 

be a repulsion between the positive charge of the adsorbent and the adsorbate [39].  At 250 

pH 7, the interaction between adsorbent and adsorbate can occur optimally due to at the 251 

pH, the adsorbent surface charge tends to be neutral and will be negative while the ME 252 

and Cu(II) cations solution are positively charged.  At pH > 7 adsorption will tend to 253 

decrease, because adsorbates such as a solution of ME and Cu (II) cations will undergo 254 

hydrolysis which results in a negatively charged species. The same thing happened to 255 

the adsorbent surface charge which tends to be negative because of pH > pHpzc [29, 256 

40]. Thus in this condition, there will be a repulsion between the negative charge of the 257 
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adsorbent and adsorbate. 258 

3.2. Adsorption kinetics of ME and Cu(II) cations  259 

The impact of contact time on sorption between solution of ME and Cu(II) 260 

cations can be seen in Fig. 6 showing that the amount of ME and Cu(II) cations 261 

adsorbed on ASN-MPs tends to be greater than ASN. In addition, Fig. 6 shows that 262 

Cu(II) cations are more adsorbed than ME dyes in both ASN or ASN-MPs. This shows 263 

that Cu(II) cations dominate more adsorbed in ASN and ASN-MPs. 264 

To better understand the adsorption performance of ME dyes and Cu(II) cations 265 

adsorbed in ASN and ASN-MPs, the adsorption kinetics model was used. Pseudo-first-266 

order (Eq. (4)) and pseudo-second-order (Eq. (5)) kinetics [5, 10] could be applied to 267 

analyze the adsorption characteristics of ME dyes and Cu(II) cations shown in Table 1. 268 

)1( 1tk
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270 

where qt and qe (mmol g-1) are total adsorbate (ME or Cu(II) cation) adsorption capacity 271 

at certain time of t (min) and equilibrium, serially. While k1 (min-1) and k2 (g·mmol-
272 

1·min-1) express the first and second order rate constants, respectively.  273 

Table 1 describes the values from R2 (linear correlation coefficient) of the 274 

pseudo-first and -second-order kinetics models compared, then both ME and Cu(II) 275 
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cations on ASN and ASN-MPs are more likely to take the pseudo-second-order kinetics 276 

pattern.  From the value of the pseudo second order rate constant (k2) contained in 277 

Table 1, it can be observed that the k2 values of the ME and Cu(II) cation adsorbed on 278 

ASN-MnPs are 8,979 x 10-3 and 9,784 x10-3 g mmol min-1, respectively.  These values 279 

are greater than the ASN with k2 values for ME and Cu(II) of 3,789 x10-3 and 6,955 x 280 

10-3 g mmol min-1, respectively.  This shows that, the presence of Fe3O4 particles 281 

increases the adsorption rate of ME or Cu(II) cation on ASN-MnPs. Therefore, the 282 

Fe3O4 particle coating causes the adsorbent to be magnetic, so it tends to increase the 283 

adsorption rate. 284 

3.3 Adsorption mechanism  285 

The significant section in the investigation of adsorption kinetics is the 286 

adsorption mechanism, because it will give an overview of reaction happened between 287 

adsorbate and adsorbent.  In the process of the adsorption, the amount of adsorbed 288 

adsorbate is always expected to be more adsorbed and easily released again 289 

(desorption).  The mechanism of adsorption between ME and Cu(II) cations is really 290 

controlled by the surface characteristics of the adsorbent used [41, 42].  The 291 

mechanism of adsorption to ME and Cu(II) cations on ASN-MPs was analyzed using 292 
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the proposal of  Weber and Morris (Eq. (6)) about the intra-particle diffusion pattern 293 

(IPD) [ 43, 44]. The IPD pattern can be utilized to study the diffusion process of targets 294 

absorbed by adsorbents that can be used in simulating kinetics data [45].     295 

Ctkq idt += 5.0                                                  (6) 296 

Where the rate constant of intra-particle diffusion is stated by kid (mmol g−1min−0.5), 297 

and a constant describing resistance for mass transfer in the border layer is represented 298 

by C (mmol g−1). Through the slope and intercept of lines resulted from plots of qt 299 

versus t0.5 will be produced kid and C (Fig. 7) and displayed in Table 2.  300 

         Fig. 7 describes two linear parts occurred for all plots. This model indicates 301 

that involvement of the adsorption models is more than one model. The external mass 302 

transfer occurs at the first linear section in the adsorption period of 0–60 minutes. The 303 

diffusion of intraparticle is indicated at the second linear section in the adsorption 304 

period of 60-120 minutes. The origin (C ≠ 0) does not traversed by the second linear 305 

part, this shows that the rate and external mass transfer is not controlled only by the 306 

intraparticle diffusion but also it occurs simultaneously [43].   Based on observations 307 

in Fig. 7, there are two steps that represent the migration of ME and Cu(II) cations 308 

through the solution into the adsorbent external surface and further directed diffusion 309 
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through the adsorbate target into the adsorbent active site respectively through the pore 310 

cavity and the adsorbent active group, according to diffusion theory at adsorption 311 

process. The mechanism of adsorption may be illustrated in two dissimilar means 312 

namely an electrostatic adsorption and a diffusion.  This is because of the porosity and 313 

existence of negative charge in the functional groups of adsorbents [39]. This is 314 

supported by determining the mechanism of adsorption of ME and Cu(II) cations 315 

through sequential desorption using several eluents such as distilled water, HCl solution, 316 

and Na2EDTA to release ME and Cu(II) cations which have been adsorbed on ASN-317 

MPs through entrapment interactions, electrostatic interaction, and complex formation 318 

(Fig. 8). 319 

In Fig. 8 can be seen the results of sequential desorption of ME dye and Cu(II) 320 

cations contained in ASN-MPs by using an aquades eluent, HCl (0.1 M), and continued 321 

with Na2EDTA (0.1 M). Fig. 8 indicates that the percentage of ME dye and Cu(II) 322 

cations eluted using 0.1 M HCl is greater than elution using water and 0.1 M Na2EDTA 323 

solution.  This indicates that both ME and Cu(II) solutions adsorbed on ASN-MPs 324 

tend to be dominated by electrostatic interactions. ME is an organic cation and Cu(II) 325 

cation is positively charged so that it can interact with ASN-MPs which has a negatively 326 
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charged surface. ASN-MPs tend to be negatively charged because they have functional 327 

groups consisting of hydroxyl, carbonyl, and amines from Nannochloropsis sp.. 328 

Whereas siloxan and silanol groups are from silica matrix. 329 

3.4.  Adsorption isotherm  330 

The simultaneous competition for adsorption of ME and Cu(II) cations with 331 

varying initial concentrations of ASN and ASN-MPs can be seen in Fig. 9. The results 332 

illustrate that the amount of adsorbate adsorbed goes up with rising initial concentration 333 

of adsorbate used.  In fact, at the use of high initial concentrations, the amount of 334 

adsorbate adsorbed reaches a maximum. In other words, increasing the concentration 335 

does not increase the amount of adsorbate adsorbed. This is due to a decrease in the 336 

quantity of available active sites accompanied by increasing the concentration of the 337 

ME solution and the adsorbed Cu(II) cations. The sorption capacity raises caused by an 338 

enhancement in the initial concentration of ME dyes and Cu(II) cations as a booster to 339 

increase the adsorption capacity because in this condition there are more adsorbates 340 

which occupy the active sites on the adsorbent surface [46]. 341 

Fig. 9 states that the qe value for Cu(II) cations is greater than that of ME in both 342 

ASN and ASN-MPs at the same initial concentration. In addition, it can also be seen 343 

that the qe value of ASN-MPs adsorbents is relatively higher for ME and Cu(II) cations 344 

than ASN adsorbent.  The data contained in Fig. 9 were analyzed using the Langmuir 345 

(Eq. (7)) and Freundlich (Eq. (8)) adsorption isotherm model with the assumption that 346 
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the adsorption between ME and Cu(II) cation does not influence each other in 347 

competing to occupy adsorbent active sites [47,48].  348 

eL

eL

me
CK

CK
qq

+
=

1
                                 (7) 349 

n

eFe CKq
/1=                                              (8) 350 

where qe and Ce represent the amount of adsorbed adsorbate per unit weight of 351 

adsorbent (mmol g-1) and unadsorbed adsorbate concentration in solution at equilibrium 352 

(mmol L-1), respectively. KL and KF are the Langmuir constant and Freundlich constant, 353 

serially. 354 

       Furthermore, the simultaneous adsorption of ME dyes and Cu(II) cation in a 355 

bi-component system was analyzed using the Langmuir isotherm equation for a binary 356 

mixture (Eq. (9)) [5, 49, 50]. The multi-component Langmuir model was the most 357 

frequently used to fit the binary biosorption data. The mathematical expression that 358 

represents the model of the Langmuir isotherm for a binary mixture can be written as 359 

follows: 360 

𝑞𝑒1∗ =  𝑞𝑚𝐶𝑒1∗ 𝑏11 + 𝑏1𝐶𝑒1∗ + 𝑏2𝐶𝑒2∗                                         (9) 363 

where qm is Langmuir constant related to the capacity of adsorption, b1 (ME) dan b2 361 

(Cu(II) cation) are the binary Langmuir isotherm constants. These values are 362 
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determined using a multiple linear regression equation as displayed in Fig. 11.  364 

    The analysis results of the adsorption data using Langmuir and Freundlich 365 

adsorption isotherm models can be seen in Table 3.  While the analysis using the binary 366 

Langmuir isotherm constants model can be seen in Fig.11 and Table 4.  In Table 3 and 367 

Fig. 10 show that the R2 indicates that the adsorption isotherm pattern of ME is more 368 

likely to attend the Freundlich adsorption isotherm. Adsorption of ME dyes on ASN 369 

and ASN-MPs goes on multiform faces of multilayer adsorbents via physical 370 

interactions [49-51].  Adsorption of Cu(II) cations trend to take the Langmuir 371 

adsorption isotherm showing that the interaction of Cu(II) cations to adsorbents is a 372 

chemical interaction. 373 

The Langmuir isotherm assumes that each site of active adsorption and 374 

adsorbate binding ability is equivalent and does not depend on the adjacent site being 375 

occupied or not. This assumption shows that adsorption occurs in the surface layer of 376 

the adsorbent monolayer, after distributing the adsorption energy evenly to the entire 377 

surface [52-53].  378 

 From the data presented in Table 4, it can be observed that the qm values for 379 

the bi-component mixture of ME dyes and Cu(II) cation in ASN and ASN-MPs are 380 
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1.385 x 10-1 and 5.319 x 10-1 mmolequiv g-1, respectively with the binary Langmuir 381 

constant isotherm b2 > b1.  This shows that both the qm value and the adsorption 382 

isotherm constant from the analysis results with the binary Langmuir model (bi-383 

component system) are in line with the results obtained from the Langmuir adsorption 384 

isotherm model (mono-component).  From the results of data analysis using the 385 

Langmuir adsorption isotherm model in the form of mono-component and bi-386 

component at the simultaneous adsorption of ME and Cu(II) cations in ASN-MPs, it 387 

may be assumed that Cu(II) cations have a greater adsorption capacity (Tables 3 and 4).  388 

This shows that the active groups in adsorbents derived from algal biomass (hydroxyl, 389 

carbonyl, and amines groups) and silica matrix (siloxan and silanol groups) as well as 390 

the magnetic properties of adsorbents can raise the quantity of available active sites on 391 

the adsorbent [9,10,31].  The Cu(II) cations are more easily adsorbed by ASN-MPs 392 

because Cu(II) cations have a smaller size (hydrated cation size (1.96 Å)) [54] 393 

compared to ME which is a molecule with a greater size.  394 

If the adsorption system assumes that there is no competition between ME 395 

and Cu(II) cation as in a mono-component system.  Adsorption of ME and Cu(II) 396 

cation by the ASN-MPs adsorbent results qm values of 2.915 x 10-1 mmol g-1 (93.236 397 
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mg g-1) and 8.772 x 10-1 mmol g-1 (55.702 mg g-1) (Table 3), respectively.  When the 398 

qm value is compared with other adsorbents such as carbon-based adsorbents, including 399 

multi-wall carbon nanotubes as ME adsorbents with qm value of 48.06 mg g-1 [38] and 400 

HNO3-modified CNTs which adsorb Cu(II) cation with qm value of 28.49 mg g-1 [55]. 401 

In addition, it can be stated that the adsorbent derived from the modified algal biomass 402 

of Nannochloropsis sp.-silica-magnetite has a greater capacity in a bi-component 403 

system. The presence of magnetite particles causes the adsorbent to be magnetic 404 

thereby increasing its attraction to the adsorbate [9,11]. 405 

3.5. Reuse of adsorbents 406 

 The study of the ability to reuse adsorbents is one of the important parameters 407 

that needs to be determined to investigate the effectiveness of repeated use of 408 

adsorbents applied in the process of adsorption. 409 

In this work, reuse of ASN-MPs adsorbents was carried out through an 410 

adsorption-desorption process of 5 repetitions of ME and Cu(II) cations (Fig. 12). The 411 

sorption results of ME and Cu(II) cations were released using distilled water and 412 

continued with solution of HCl (0.1 M). The HCl was effective as eluent to release ME 413 

and Cu(II) cations from ASN-MPs which were adsorbed through the electrostatic 414 



25 

 

interaction mechanism.  This interaction occurs through proton substitution of ME as 415 

organic cations [56] and Cu(II) cations as hydrated cations in solution. The adsorption-416 

desorption process was carried out repeatedly 3 times and apparently it did not reduce 417 

the percentage of ME and Cu(II) cations adsorbed significantly (Fig. 12). The 418 

percentage of ME and Cu(II) cations adsorbed began to decrease at the 4th adsorption 419 

repetition, this was caused by the reduction of the adsorbent active sites due to the 420 

desorption process and adsorbent washing. 421 

4.  Conclusions 422 

 Adsorbent production from Nannochloropsis sp. algae biomass modified by 423 

silica matrix and magnetite particle coating has been successfully carried out. The 424 

application of ASN-MPs adsorbents on the simultaneous adsorption of solution pair of 425 

ME and Cu(II) cations with the bacth method shows that Cu(II) cations are more 426 

adsorbed than ME in simultaneous adsorption which is dominated by electrostatic 427 

interaction mechanism. ASN-MPs adsorbent is very effective in absorbing ME and 428 

Cu(II) cations in solution and it can be used up to 3 times the adsorption repetition 429 

without a significant reduction in adsorption capacity. Thus, this adsorbent can be 430 

applied for the absorption of cation mixtures of organic dyes and heavy metals that are 431 
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cationic in solutions derived from industrial waste.  432 
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Figures

Figure 1

FTIR Spectrum of (a) Nannochloropsis sp., (b) ASN, and (c) ASN-MPs.



Figure 2

SEM-EDX of (a,c) ASN and (b,d) ASN-MPs



Figure 3

XRD pattern of (a) ASN and (b) ASN-MPs.



Figure 4

Particle size distribution of (a) Fe3O4, (b) ASN, and (c) ASN-MPs.



Figure 5

Determination of the point of zero charge of the ASN and ASN-MPs.



Figure 6

The relationship between interaction time and the amount of ME and Cu(II) cations adsorbed on ASN and
ASN-MPs.



Figure 7

Intra-particle diffusion (IPD) model-predicted kinetics of ME and Cu(II) cations sorption by ASN and ASN-
MPs.



Figure 8

Contribution of the adsorption mechanism of ME and Cu(II) cations to ASN-MPs material.



Figure 9

The relationship between interaction time and the amount of ME and Cu(II) cations adsorbed
simultaneously on ASN and ASN-MPs.



Figure 10

The liniear regression of ME and Cu(II) cations on ASN and ASN-MPs by comparing the equilibrium
adsorption data with the (a) Langmuir and (b) Freundlich adsorption models.



Figure 11

The Multiple linear regression of ME and Cu(II) cations on ASN and ASN-MPs by the multi-component
Langmuir adsorption model.



Figure 12

Reuse of AS-MPs adsorbents by ME and Cu(II) cations.


